Abstract: A non-invasive, real time, method for measuring the longitudinal emittance of electron bunches can be realized by using electro-optic (EO) detection schemes. Implementation of an EO beam diagnostic within the Colorado State University and Jefferson Laboratory beamlines necessitates investigation into how high average power beams affect various EO crystals. Damage mechanisms from proximity to the e-beam from heavy radiation and beam halo damage can affect the viability of such a procedure. This study seeks to characterize these effects and determine a suitable EO diagnostic procedure for electron bunches in the CSU and J-Lab facilities.
Introduction
As an FEL requires high longitudinal phase space density for optimal output, the required manipulations of the electron bunches can lead to undesirable additional effects which need to be monitored in-situ, and, if possible, avoided. One needs a non-invasive longitudinal phase space diagnostic to allow for the achievement and maintenance of optimal beam properties.
A method to sample the bunch's electric field without prohibitively disrupting the beam is to utilize a crystal with a birefringent property influenced by an electric field, known as the electro-optical (EO) method. This property is caused by the Pockel's effect and the crystal acts as a Pockel's Cell driven by the electric fields of the electron bunches. The different polarizations of light within a pulse traversing the crystal will have altered path lengths created by the birefringence. The altered pulse becomes elliptically polarized in a manner proportional to the influence of induced birefringence. Equation (1) (derived in Jamison, et al. [1] ), gives the resultant Fourier transform of the electron beam's Coulomb field with a probing optical pulse, and the resultant inverse transform in Equation (2) . The functions R( ) and R( ) are the response of the crystal due its nonlinearity and phase matching.
The Coulomb field becomes encoded in the optical pulse to later be processed in order to determine the longitudinal bunch profile.
For a relativistic electron, the radial Coulomb field is oriented perpendicular to propagation with an opening angle ⁄ , where  is the relativistic Lorentz factor. The strength of the field is a function of electron bunch distance, b, from the crystal as found in Eqn (3) below. This field is found to have an effect similar to radiation in the terahertz region of the electromagnetic spectrum (~100-900 µm wavelengths) [2] . Placing the desired (EO) crystal near the longitudinally propagating bunch charge encodes the electric field information in the crystal without directly altering the bunch. The induced birefringence is probed and encoded within an optical pulse incident normally on the crystal.
The facilities where EO diagnostics have been implemented are in contrast to the CSU and JLab accelerators, typically feature beamline parameters with short bunches, low average power and high electron beam energies. As an example, one facility that has employed an EOS diagnostic is FERMI@Elettra [3] , which features a bunch length of ~.54 ps FWHM, operational beam energy of 1.2 GeV, but at a much lower average power (10's of Watts). These differences in parameters, particularly the electron beam energy and average beam power, lead to modification of previous designs to suit our conditions. When designing the appropriate diagnostic to be implemented at CSU and Jefferson Lab, considerations of accuracy and effective measurement led us to choose two EO sampling methodologies: EO temporal decoding and EO spatial encoding [4] [5] [6] . Both techniques are carried out in single-shot measurements allowing for single bunch signal probing. The spatial encoding method was found to be a relatively cheap option with a simple design. Where spatial encoding is limited in temporal resolution and noise susceptibility, temporal decoding compensates for these problems by providing excellent temporal resolution and low noise susceptibility due to the more complex crosscorrelation design. The beam energy for application at CSU, as well as the injection energy for the JLab accelerator, are both around 6 MeV. The beam energy for the second desired diagnostic location at Jefferson Lab is over 100 MeV and has a sub-picosecond bunch length. Based on Equation 3 , there is a definite Coulomb field signal strength relation to distance from the beamline (b) which will have to be considered for our various applications. Clearly, placing an EO material further from the beamline is acceptable for higher energies and desirable to mitigate crystal damage, and therefore the crystal holder will be designed accordingly.
Prior to beam line implementation, a THz generation kit from Newport [7] will be used to simulate the desired diagnostic situation. The kit produces a THz wave through AC-biased plasma collapse, which is made to copropagate with a reference pulse through a ZnTe crystal. Emulation of a real electron beam will be enhanced in the future to more accurately recreate the perpendicularly propagating Coulomb field of an electron bunch passing near the crystal.
In order to determine the ideal EO crystal to be used for an actual diagnostic, considerations of crystal damage threshold, resonance and effective radiation birefringence will be made pertinent to our beam conditions. Figures 3a  and 3b show the expected electric field intensity and resolution limits for energies around 6 MeV, which is our design beam energy. It is clear that the longitudinal resolution time will be limited to picoseconds measurements, and the low expected intensity may require us to place the crystal in close proximity to the passing bunch( <5mm), possibly subjecting the crystal to heavy radiation and beam halo damage. 
